Introduction

44
Pituitary adenylate cyclase-activating polypeptide (PACAP), a member of the secretin/glucagon 45 family, is a 38-amino acid (a.a.) peptide isolated from ovine hypothalamus with stimulatory activity 46 on cAMP production in rat pituitary cells (Miyata et al. 1989) . In mammals, two forms of PACAP have been reported, namely PACAP 38 and PACAP 27 (Miyata et al. 1989; Miyata et al. 1990 ). The a.a.
48
sequence of PACAP is highly conserved from fish to mammals, especially in the N-terminal 27-a.a. 
77
In fish models, PRL is a pleiotropic hormone from the pituitary with diverse functions, especially 78 for osmoregulation and ion transport in fresh water adaptation (Shu et al. 2016 , Watanabe et al. 2016 .
79
Except for a single report in goldfish with PRL release induced by PACAP but with no effect on PRL 80 mRNA experssion (Matsuda et al. 2008) , no information is available regarding the receptor specificity 81 or signal transduction for PRL regulation by PACAP in lower vertebrates, including fish species. In 82 our recent studies, grass carp PRL has been cloned and its expression in the pars distalis of the carp 83 pituitary has been confirmed (Lin, et al. 2015) . Besides, nerve fibers with PACAP immunoreactivity could be located in the pars distalis of carp pituitary overlaping with the distribution of somatotrophs 85 and lactotrophs (Wong et al. 2005) , and in parallel study with carp pituitary cells, PACAP was shown 86 to induce GH secretion and gene expression via cAMP/PKA-and Ca 2+ /CaM-dependent mechanisms 87 (Sze, et al. 2007) . Given that PACAP nerve fibers were located in the vicinity of carp lactotrophs,
88
this anatomical finding has prompted us to speculate that PACAP may play a role in PRL regulation test. Differences were considered significant at P < 0.05. and total cAMP production were up-regulated in a dose-dependent manner with increasing levels of 295 ovine PACAP 38 (0.1-1000 nM) (Fig.3A) . In parallel studies, the membrane permeable cAMP analog cases, PRL mRNA levels were found to be elevated in a dose-dependent manner after drug treatment.
316
In contrast, both basal and PACAP-induced PRL mRNA expression could be suppressed by removing 317 [Ca 2+ ]e using a Ca 2+ -free culture medium (Fig.4D) . Furthermore, the stimulatory effect of PACAP on 318 PRL gene expression was also blocked by inactivating L-type VSCC using the inhibitor nifedipine 319 (10 µM) or verapamil (5 µM) (Fig.4E ). 
60
Data presented are expressed as mean ± SEM (N = 4) and different letters denote a significant 61 difference at p < 0.05 (ANOVA followed by Fisher's LSD test). Pituitary cells were treated with ovine PACAP38 (100 nM, 48 hr) in the presence of the PKC inhibitor GF109203 (1 M). After drug treatment, total RNA was isolated, reversely transcribed, and subjected to real-time PCR for PRL mRNA measurement. Data presented are expressed as mean ± SEM (N = 4) and different letters denote a significant difference at p < 0.05 (ANOVA followed by Fisher's LSD test). MAPK and PI3K in PACAP-induced PRL gene expression in carp pituitary cells. Pituitary cells were challenged with ovine PACAP38 (100 nM, 48 hr) with co-treatment of the MEK 1/2 inhibitor U0126 (10 M, A), P 3 8 MAPK inhibitor PD169316 (10 M, B), and PI3K inhibitor Ly294002 (10 M, C). After drug treatment, total RNA was isolated, reversely transcribed, and subjected to real-time PCR for PRL mRNA measurement. Data presented are expressed as mean ± SEM (N = 4) and different letters denote a significant difference at p < 0.05 (ANOVA followed by Fisher's LSD test).
